Abstract-A high power sub-60 fs mode-locked diode-pumped Yb:KGW laser based on hybrid action of an InGaAs quantum-dot saturable absorber mirror and Kerr-lens mode locking was demonstrated. The laser delivered 56 fs pulses with 1.95 W of average power corresponding to 450 kW of peak power. The spectral bandwidth of the pulse was 20.5 nm, which was near the gain bandwidth limit of the Yb:KGW crystal. To the best of our knowledge, these are the shortest pulses generated from the monoclinic double tungstate crystals (and Yb:KGW laser crystal in particular) and the most powerful in the sub-60 fs regime. At the same time they are also the shortest pulses produced to date with the help of a quantum-dot-based saturable absorber.
I. INTRODUCTION
The Yb-ion based laser oscillators [1] [2] [3] [4] [5] [6] [7] [8] are well suited for generation of high power ultrashort pulses for a variety of nonlinear optical experiments [9] [10] [11] [12] [13] [14] [15] [16] [17] . Our recent works based on dual action of saturable absorber and Kerr lensing effect (KLAS) proposed an effective mechanism for benefiting from selfstarting operation and fast modulation operation of both effects [18] [19] [20] . Employing a QD-SESAM offered a promising performance, because it exhibits sub-picosecond recovery time, low saturation fluence and broadband operation [21] . In this work, we demonstrated the generation of 56 fs pulses from a diode-pumped Yb:KGW laser oscillator based on KLAS mode locking mechanism.
II. EXPERIMENTAL SETUP AND RESULTS
The laser used a 6 mm-long 1.6 at.% Yb:KGW crystal (cut along the Ng-axis) in a Z-fold cavity. Thermal lensing was taken into account [22, 23] . A fiber-coupled laser diode with a maximum power of 30 W at 980 nm was used as a pump and the laser delivered up to 6 W of output power in CW regime. To initiate the mode locking process, a QD-SESAM (Innolume GmbH) was used which was grown with 5 pairs of InGaAs quantum dot layers in the saturable structure and had 0.5% modulation depth with a saturation fluence of 25 J/cm 2 . By providing a total GVD of 3200 fs 2 using GTI mirrors and adjusting the cavity mode-size for introducing the Kerr lensing effect, 56 fs pulses with an average output power of 1.95 W at the repetition rate of 77.3 MHz were generated for an incident pump power of 18.3 W, corresponding to 450 kW of peak power.
A dispersive wave accompanied the mode-locked laser at 1081 nm, which lies in the normal regime when considering the total dispersion in the cavity and phase-matching condition with the main pulse [24] . The presence of the dispersive wave did not affect the mode-locked laser. In order to eliminate the dispersive wave, flatter and broader anomalous GVD profile per round-trip for the intended wavelength range is required. In summary, the generation of high power 56 fs pulses from a diode-pumped Yb:KGW was demonstrated. These are the shortest pulses generated to date from the monoclinic double tungstate crystals. The average output and peak powers of the laser are an order of magnitude higher than the previously reported values in the sub-60 fs regime.
